Introduction
Periodontitis is a chronic inflammatory disease of the gingiva that leads to a destruction of tooth-supporting structures (e.g., gingiva, reduction of alveolar bone density) with a potential risk of permanent dental loss [1] . Its pathogenetic concept is based on a complex interplay of the oral microbial community with the host immune system influenced by genetic and environmental factors. Increased incidence and prevalence rates of comorbidities (e.g., diabetes mellitus, coronary heart diseases, rheumatoid arthritis) [2] in periodontitis patients suggests a chronic inflammatory multisystemic course of this disease [3] . Recent studies showed increased incidence rates of periodontitis, a significant lower number of teeth and a reduced bone mineral density in psoriasis patients compared to a normal population [4] [5] [6] [7] . However, studies on psoriasis-associated periodontitis are rare, possible pathogenetic links are poorly understood, and data on risk factors of periodontitis in psoriasis patients are minimal.
The aim of this study was to expand the evidence of psoriasis-associated periodontitis by analyzing periodontitis rates in a population of psoriasis patients compared to that of a population with chronic spontaKeywords Psoriasis-associated periodontitis · Risk factors · Inverse type of psoriasis · Comorbidities Abstract Periodontitis and psoriasis are suggested to be co-occurring, chronic inflammatory conditions with overlapping characteristics. However, respective evidence is rare and data on risk factors of periodontitis in psoriasis patients are minimal. The aim of this study was to expand the evidence of psoriasis-associated periodontitis and establish a potential risk profile for periodontitis. In total, data from 209 exacerbated psoriasis patients were retrospectively analyzed on recordings of periodontitis and compared with those of 91 patients with chronic spontaneous urticaria (CSU). Analysis showed a significantly increased prevalence of periodontitis in psoriasis compared to CSU patients with an odds ratio of 3.76 (95% CI = 1.60-10.27, p = 0.001). Within the psoriatic subtypes, the presence of the inverse type (affecting intertriginous body areas) was strongly linked to periodontitis with an odds ratio of 5.11 (95% CI = 1.36-20.38, p = 0.006). These results are enlarging the evidence for psoriasis-associated periodontitis and identify a link between the inverse type of psoriasis and periodontitis.
neous urticaria (CSU). Hereby we sought to establish a potential risk profile for periodontitis in psoriasis patients.
Methods
The data analyzed in this study were collected at the Department of Dermatology, State Hospital Klagenfurt, Klagenfurt, Austria, from patients who underwent an inflammatory focus screening, including a dental checkup (DCU), between January 2007 and February 2016 (see study flowchart). DCU has been routinely performed at this department in patients with psoriasis exacerbation and CSU. The results of the reports of the DCU were analyzed with regard to periodontitis.
We used CSU patients as a control group because a study from Büchter et al. [8] suggests only a slightly lower rate of periodontitis in urticaria patients compared to a normal population. Moreover the dental checkup was performed at the same department and in the same manner as in the psoriasis group.
The set-up of the study was retrospective, and clinical data of the patients were extracted from the patients' charts as well as from the Psoriasis Registry Austria (PsoRA). The available PsoRA data originate from psoriasis patients all scheduled for inpatient dithranol treatment which was a standard treatment at the Department of Dermatology Klagenfurt until very recently. The study protocol was approved by the accountable ethics committee of the Federal State of Carinthia (application No. MZ 04/16). The study was conducted in accordance with the principles of the Declaration of Helsinki.
Statistics
Descriptive statistics were used to report patient demographics. The odds ratio between psoriasis and periodontitis was assessed in a type of case-control study with CSU patients as comparator population. The odds ratio (OR) was adjusted for age and sex by logistic regression. Potential risk factors for periodontitis in psoriasis, including patient age, gender, disease duration, psoriasis type, baseline PASI, psoriasis family history, body mass index, and the number of comorbidities were tested for statistical significance by logistic regression. Disease duration was transformed logarithmically before analysis. All statistical analyses were performed using R 3.3.2 statistical software (www.r-project.org). Statistical significance was set at a p value of ≤ 0.05. Bonferroni correction for multiple testing was applied where appropriate.
Results
We were able to collect data from 209 psoriasis patients (128 ( Fig. 1 ) . The median age of the psoriasis and CSU patients was 51 (range 13-85) and 40 (7-78) years, respectively. Psoriasis characteristics, extracted from the PsoRA [9] [10] [11] , were available from 72 patients and are depicted in Table 1 . These patients had no psoriasis arthritis and were scheduled to receive classical topical inpatient dithranol treatment in combination with local steroids and/or UVB phototherapy [12, 13] Fig. 1 ). Statistical analyses showed a significantly increased prevalence of periodontitis in psoriasis compared to CSU patients with an OR of 3.76 (95% confidence interval, CI = 1.60-10.27, p = 0.001; Fig. 2 ). From the profile of psoriasis subtypes the presence of the inverse type (with affection of intertriginous body areas such as axillae, groins, genitals, gluteal cleft, and/or other body folds) alone or in combination with other subtypes ( Table 1 ) was statistically linked to periodontitis with an OR of 5.11 (95% CI = 1.36-20.38, p = 0.006). The prevalence of the palmar/plantar subtype was also highly increased in periodontitis patients but its OR of 8.67 (95% CI = 0.65-479.93, p = 0.062) and ORs of other subtypes did not reach statistical significance. The number of associated comorbidities, psoriatic disease duration, PASI and the gender of patients showed no significant link to periodontitis ( Fig. 2 ).
Discussion
Our retrospective data analysis showed a significantly higher prevalence of periodontitis in psoriasis compared to CSU patients. The analysis of psoriasis subtypes (including inverse, guttate, and plaque) as potential risk factors for periodontitis revealed a significant link between the presence of the inverse type (OR = 5.11, 95% CI = 1.36-20.38, p = 0.006) and periodontitis. Conversely, other psoriasis subtypes, psoriasis disease activity (measured by PASI), disease duration and number of comorbidities were not linked to periodontitis. The significantly increased rate of periodontitis in this psoriasis study population goes in line with recent data showing increased rates of periodontitis by up to 3.5-fold in a Danish psoriasis population compared to a reference population [7, 14] . Keller and Lin [14] reported from a large-scale population-based study in Taiwan that the incidence rate of psoriasis per 1,000 person-years during a 5-year follow-up period was 1.88 in patients with periodontitis compared to 1.22 in comparator patients (without periodontitis). Finally, a recent review reports a pooled risk ratio of psoriasis patients with periodontitis versus comparators of 1.55 [15] . Whether the strong link between the inverse type of psoriasis [16] and periodontitis is due to a causal relationship needs to be determined. Intriguingly, the inverse type of psoriasis has been found to be a risk factor for the development of psoriatic arthritis [17] . Moreover, the study from Egeberg et al. [7] showed the highest risk for periodontitis in psoriasis patients with arthritis.
The association between psoriasis and periodontitis is consistent with the presence of multiple overlapping characteristics in terms of aggravation factors (e.g., smoking, stress) [18, 19] , in the composition of inflammatory mediators (e.g., increased levels of IL-17 and TNF-α) [20] and cells (e.g., Υδ T cells, T helper 17 cells, dendritic cells and neutrophil granulocyte rate) [18, 21] as well as an increased rate of comorbidities including metabolic diseases, such as diabetes mellitus and obesity, cardiovascular disease, hypertension and myocardial infarction, and autoinflammatory diseases, such as (rheumatoid) arthritis [2] . However, these findings and our data have been mainly gained from observational (case-control-based) studies that cannot identify cause-and-effect relationships. In accordance with that, psoriasis-associated periodontitis may be triggered by the chronic inflammatory multisystemic course of psoriasis [22] . On the other hand psoriasis may arise in genetically predisposed individuals with an abnormal innate and/or adaptive immune response to elements of the microbiota of periodontitis (such as Porphyromonas gingivalis ) [6, 14] that may trigger psoriatic manifestation, analogous to that hypothesized in psoriasis patients with chronic streptococcal throat infection, mainly linked to the palmoplantar and/or guttate type of psoriasis [23] . Besides, specific compositions of the microbiota in the body folds affected in the inverse type of psoriasis and areas of periodontitis may also play a role in triggering local inflammation at those body sites. Nonetheless, prospective studies, investigating temporal sequences where the presence of psoriasis results in an increased incidence rate of periodontitis (or vice versa) are needed.
The retrospective nature of this study with its limitations may lead to a potential bias. In detail, the major weaknesses are the missing information on smoking habits in both the psoriasis and CSU subpopulation as well as the lacking healthy control group, the restricted data on psoriasis disease characteristics, the unspecified periodontitis checkup within the inflammatory focus screening and the fact that a certain set of psoriasis patients (all scheduled for inpatient dithranol treatment) were enrolled in this study. Nevertheless, our results provide additional evidence for psoriasis-associated periodontitis and identify a link between the inverse type of psoriasis and periodontitis. Further research in psoriasis patients addressing a potential causal link of the inverse psoriatic phenotype, arthritis, and periodontitis are warranted.
